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BACKGROUND OF THE INVENTION 

The present application claims priority to co-pending U.S. Provisional Patent 
Application Serial No. 60/443,681 filed January 30, 2003. The entire text of the above- 
referenced disclosure is specifically incorporated herein by reference without disclaimer. 
5 The government may own rights in the present invention pursuant to grant number Grant 
No. P60AG17231 from the National Institutes of Health, National Institute on Aging. 

1 . Field of the Invention 

The present invention relates generally to the fields of molecular biology and 
medicine. More particularly, the invention relates to arrays of nucleic acids immobilized 
10 on a solid support for selectively monitoring expression of mitochondrial-related genes 
from the nuclear and mitochondrial genomes and methods for the use thereof. 

2. Description of Related Art 

Global populations of individuals over the age of 65 have increased, with most 
destined to live into their 80s. Given the average survival age of the elderly, 

15 improvements in the health of the elderly are needed or the economy will be faced with a 
tremendous burden. The economy will be burdened with special needs for nursing care, 
transportation, housing, and medical arrangements. This burden can be reduced by 
improving overall health care. Substantial increases in research on diseases of aging are 
thus needed. Currently, less than one percent of the 1.14 trillion dollars the U.S. spends 

20 each year on health care goes for research on Alzheimer's, arthritis, Parkinson's, prostate 
cancer and other age-related diseases. Unless more diseases of aging are delayed or 
conquered, mounting bills for illness will swamp even the most robust Medicare 
program. 

Finding cures and alleviating symptoms of diseases would have a major positive 
25 effect on the economy. According to studies by the Milken Institute, an investment of 
175 million dollars in diabetes research now saves 7 billion dollars in medical costs. 
Work done by the University of Chicago supports this thinking, with studies reporting 
that the economic value of reductions in heart disease in people aged 70 to 80 could 
amount to 15 trillion dollars. Also, as exemplified by the work of others, diseases such as 
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polio, Alzheimer's and many other aging and age-related diseases can be conquered. 
Thus, research can do much to improve the quality of life for the elderly. 

A major key to understanding, alleviating, or ameliorating diseases of the aging 
population lies in the genetic basis of aging. The sequence of the entire human genome 
5 Anderson et al., 1981) has been completed and will greatly advance the development of 
technologies beneficial in understanding the genetic basis of aging. The sequence of the 
entire mouse genome has recently been reported and will advance biomedical research on 
animal models representative of human diseases (Waterston, et al, 2002). Studies at 
UTMB Galveston have recently shown that mitochondrial (mtDNA) is damaged three to 

10 four times more frequently than nuclear DNA by a wide variety of agents, which induce 
reactive oxygen species (Mandavilli et al 2002; Santos et al, 2002; Ballinger etal y 
2000). Thus, mitochondrial DNA and its ability to transcribe mitochondrial specific 
genes represent a critical cellular target for reactive oxygen species-induced cell death. 

There are two major hypotheses that deal with the role of mitochondrial integrity 

15 and function in aging: firstly, the catastrophic demise of mitochondrial function is a 
primary mechanism in aging; and secondly, ROS generated in the mitochondria causes 
mitochondrial DNA damage, which in turn causes the release of more ROS, leading to 
further mitochondrial decline and age-associated pathologies (Harmon, 1972; Golden and 
Melov, 2001; Ames et al, 1993; Finkel and Holbrook, 2000; Beckman and Ames, 1998; 

20 Beckman and Ames, 1999; Zhang et al, 1992). 

Therefore, the integrity of the mitochondria is a major factor in the function of 
aged tissues, mitochondria-associated diseases, and responses of the mitochondria to 
oxidative stress or inflammatory agents - both environmental and internal. The 
mitochondrion provides the energy needed to carry out critical biological functions. Any 

25 factor(s) that disrupt or compromise mitochondrial functions are of importance, because 
they relate to diseases including genetic diseases, environmental toxins, and responses to 
hormones and growth factors (Mitochondria and Free radicals in Neurodegenerative 
Diseases, 1997). 

Most human genes are encoded by the nuclear DNA of the cell, but some are also 
30 found in the mitochondrial DNA. Mitochondria are the "power plants' 1 within each cell 
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and provide about 90 percent of the energy necessary for cells - and thus provide tissues, 
organs and the body as a whole with energy. Mutations of the mtDNA can cause a wide 
range of disorders - from neurodegenerative diseases to diabetes and heart failure. 
Scientists also suspect that injury to the genes within the mitochondria may play an 
5 important role in the aging process as well as in chronic degenerative illnesses, such as 
Alzheimer's Parkinson's and Lou Gehric's disease (Golden and Melov, 2001; Ames et al t 
1993). 

In the course of investigating mtDNA deletions in disease it became apparent that 
normal individuals can also be heteroplasmic for deleted mtDNA and that the fraction of 

10 deleted DNA increases exponentially with age. These observations raised interest in the 
role played by mtDNA mutations in aging. One hypothesis is that continuous oxidative 
damage to mtDNA is responsible for an age-related decline in oxidative phosphorylation 
capacity (Golden and Melov, 2001; Finkel and Holbrook, 2001; Ventura et al, 2002). 
Whether a causal relationship exists between mtDNA mutations and aging, however, 

1 5 remains to be established. 

What has been lacking in the art is a procedure allowing simultaneous and parallel 
determination of the activity of mitochondrial and nuclear genes that make the enzymes 
and structural protein of the mitochondrion. Analysis of the mRNA levels of each of 
these genes would provide insight as to the overall biochemical phenotype (picture) of 

20 mitochondrial organellogenesis. Procedures have been available to determine the activity 
of a limited numbers of genes in one experiment. There are, however, several hundred 
mitochondrial-related genes. What is needed, therefore, is a method of analyzing the 
expression of these genes, thereby providing insight as to the roles mitochondrial proteins 
play in different disease states. 

25 

SUMMARY OF THE INVENTION 

The invention overcomes the deficiencies in the art by providing methods and 
compositions for assessing the integrity and function of the mitochondria. Thus, the 
invention provides arrays comprising nucleic acid molecules comprising a plurality of 
30 sequences, wherein the molecules are immobilized on a solid support and wherein at least 
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5% of the immobilized molecules are capable of hybridizing to mitochondrial-related 
acid sequences or complements thereof. 

In some aspects of the invention, the array may further be defined as comprising 
at least 20, at least 40, at least 100, at least 200, or at least 400 nucleic acid molecules. In 
5 other aspects the array of the invention comprises nucleic acid molecules comprising 
cDNA sequences. In further aspects of the invention, the nucleic acid molecules may 
comprise at least 17 nucleotides. These mitochondrial-related nucleic acid sequences 
may, for example, be from a mammal, a primate, a human, a mouse, a yeast, an arthropod 
such as a Drosophila, or a nematode such as C. elegans. In certain embodiments of the 

10 invention, at least 25%, at least 35%, at least 50%, at least 75%, at least 85%, at least 
95%, or at least 100% of the immobilized molecules are capable of hybridizing to 
mitochondrial-related nucleic acid sequences or complements thereof. In still a further 
aspect of the invention, at least one of the mitochondrial-related nucleic acid sequences is 
encoded by a mitochondrial genome. 

15 In particular aspects of the invention, the immobilized molecules are capable of 

hybridizing to at least 5, at least 10, at least 15, at least 30, at least 60, at least 100, or at 
least 200 mitochondrial-related nucleic acid sequences or complements thereof. In 
further aspects of the invention, the immobilized molecules are capable of hybridizing to 
at least 300, at least 500, or at least 1000 mitochondrial-related nucleic acid sequences or 

20 complements thereof. In further aspects of the invention, at least one of the 
mitochondrial-related nucleic acid sequences is encoded by a nuclear or mitochondrial 
genome. 

In a further aspect, the invention provides a method for measuring the expression 
of one or more mitochondrial-related coding sequence in a cell or tissue, the method 

25 comprising: a) contacting an array as described above with a sample of nucleic acids 
from the cell or tissue under conditions effective for mRNA or complements thereof from 
the cell or tissue to hybridize with the nucleic acid molecules immobilized on the solid 
support; and b) detecting the amount of mRNA or complements thereof hybridizing to 
mitochondrial-related nucleic acid sequences or complements thereof. In one 

30 embodiment of the invention, the detecting in step (b) may be carried out 
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colorimetrically, fluorometrically, or radiometrically. In certain embodiments, the cell 
may be a mammal cell, a primate cell, a human cell, a mouse cell, or an yeast cell. 

In yet another aspect, the invention provides a method of screening an individual 
for a disease state associated with altered expression of one or more mitochondrial- 
5 related nucleic acid sequences comprising: a) contacting an array, according to that 
described above, with a sample of nucleic acids from the individual under conditions 
effective for the mRNA or complements thereof from the individual to hybridize with the 
nucleic acid molecules immobilized on the solid support; b) detecting the amount of 
mRNA or complements thereof hybridizing to mitochondrial-related nucleic acid 

10 sequences; and c) screening the individual for a disease state by comparing the 
expression of the mitochondrial-related nucleic acid sequences detected with a pattern of 
expression of the mitochondrial-related nucleic acid sequences associated with the 
disease state. In one embodiment of the invention, the disease state may be selected from 
that provided in Table 1. In particular aspects, the disease state is cystic fibrosis, 

15 Alzheimer's disease, Parkinson's disease, ataxia, Wilson disease, Maple syrup urine 
disease, Barth syndrome, Leber's hereditary optic neuropathy, congenital adrenal 
hyperplasia diabetes mellitus, multiple sclerosis, or cancer, but is not limited to such. 

In one embodiment of the invention, detecting the amount of mRNA or 
complements thereof hybridizing to mitochondrial-related nucleic acid sequences may be 

20 carried out colorimetrically, fluorometrically, or radiometrically. In further aspects of the 
invention, the individual may be a mammal, a primate, a human, a mouse, an arthropod, 
or an nematode but is not limited to such. 

In still yet another aspect, the invention provides a method of screening a 
compound for its affect on mitochondrial structure and/or function comprising: a) 

25 contacting an array according to that described above, with a sample of nucleic acids 
from a cell under conditions effective for the mRNA or complements thereof from the 
cell to hybridize with the nucleic acid molecules immobilized on the solid support, 
wherein the cell has previously been contacted with the compound under conditions 
effective to permit the compound to have an affect on mitochondrial structure and/or 

30 function; b) detecting the amount of mRNA encoded by mitochondrial-related nucleic 
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acid sequences or complements thereof that hybridizes with the nucleic acid molecules 
immobilized on the solid support; and c) correlating the detected amount of mRNA 
encoded by mitochondrial-related nucleic acid molecules or complements thereof with 
the affect of the compound mitochondrial structure and/or function. 
5 In one embodiment of the invention, the compound is a small molecule. In 

another embodiment of the invention, the compound is formulated in a pharmaceutically 
acceptable carrier or diluent. In still another embodiment of the invention, the compound 
may be an oxidative stressing agent, an inflammatory agent, or a chemotherapeutic agent. 
In still yet another aspect, the present invention provides a method for screening 

10 an individual for reduced mitochondrial function comprising: a) contacting an array 
according to that described above, with a sample of nucleic acids from a cell under 
conditions effective for the mRNA or complements thereof from the cell to hybridize 
with the nucleic acid molecules immobilized on the solid support; b) detecting the 
amount of mRNA encoded by mitochondrial-related nucleic acid sequences or 

15 complements thereof that hybridizes with the nucleic acid molecules immobilized on the 
solid support; and c) correlating the detected amount of mRNA or complements thereof 
with reduced mitochondrial function. 

In certain embodiments of the invention, the detecting step as described above 
may be carried out colorimetrically, fluorometrically, or radiometrically. In still another 

20 embodiment, the individual is a mammal, a primate, a human, a mouse, an arthropod, or a 
nematode. 

It is contemplated that any method or composition described herein can be 
implemented with respect to any other method or composition described herein. The use 
of the word "a" or "an" when used in conjunction with the term "comprising" in the 
25 claims and/or the specification may mean "one," but it is also consistent with the meaning 
of "one or more," "at least one," and "one or more than one." 

Other objects, features and advantages of the present invention will become 
apparent from the following detailed description. It should be understood, however, that 
the detailed description and the specific examples, while indicating specific embodiments 
30 of the invention, are given by way of illustration only, since various changes and 
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modifications within the spirit and scope of the invention will become apparent to those 
skilled in the art from this detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The following drawings form part of the present specification and are included to 
5 further demonstrate certain aspects of the present invention. The invention may be better 
understood by reference to one or more of these drawings in combination with the 
detailed description of specific embodiments presented herein. 

FIG. 1. DNA microarray generated from PCR™ products using thirteen genes 
that code for mitochondrial proteins. 
10 FIG. 2. Map of the Mus musculus mitochondrial DNA showing the location of 

the 13 peptides of the OXPHOS complexes. 

FIG. 3. Map of the Homo sapien mitochondrial DNA showing the location of the 
13 peptides of the OXPHOS complexes. 

FIG. 4. The effects of rotenone, an inhibitor of mitochondrial Complex I, on the 
1 5 expression of mouse mitochondrial genes in AML-12 mouse liver cells in culture. 

FIGS. 5A-5B. Analysis of mitochondrial DNA encoded gene expression. FIG. 
5A - response to 3-nitropropionic acid, an inhibitor of Complex II - succinic 
dehydrogenase. The data show that inhibition of Complex II stimulates the synthesis of 
mitochondrial encoded mRNAs and the 23S and 16S ribosomal RNAs. FIG. 5B - 
20 analysis of mitochondrial DNA encoded gene expression in trypanosome infected heart 
tissue. The data show a decline in mRNA and ribosomal RNA levels at 37 days post 
infection. 

FIGS. 6A-6C. Analysis of mitochondrial gene expression in mouse mutants. 
FIG. 6A - mitochondrial gene expression in livers of young Snell dwarf mouse mutants. 
25 FIG. 6B - analysis of mitochondrial gene expression in livers of aged Snell dwarf mouse 
mutants. FIG. 6C - RT-PCR analysis of Hsd3b5 expression levels in control versus 
dwarf Snell mice. 

FIGS. 7 A- 7D. Analysis of mitochondrial gene expression in heart muscle of 
trypanosome infected mice. FIG. 7A - control; FIGS. 7B-7D - three heart muscles from 
30 trypanosome infected mice. 



25373938.1 



FIGS. 8A-8D. The effects of 40% TBS thermal injury on mouse liver 
mitochondrial function in control (FIG. 8 A) and three livers from thermally injured mice 
24 hours after burn (FIGS. 8B-8D). 

FIG. 9. Array analysis of the expression of the 13 mitochondrial DNA encoded 
5 genes in livers of thermally injured mice. 

DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS 

The present invention overcomes limitations in the art by providing methods and 
compositions for determining the integrity and function of the mitochondria. Arrays are 

10 provided that allow simultaneous screening of the expression of mitochondrial-related 
coding sequences. The invention thus allows determination of the role of mitochondrial 
genes in various disease states. The ability to accumulate gene expression data for the 
mitochondria provides a powerful opportunity to assign functional information to genes 
of otherwise unknown function. The conceptual basis of the approach is that genes that 

15 contribute to the same biological process will exhibit similar patterns of expression. This 
mitochondrial gene array thus provides insight into the development and treatment of 
disease states associated with effects on mitochondrial structure and/or function. 

A. The Present Invention 

20 Use of arrays, including microarrays and gene chips, provides a promising 

approach for uncovering mitochondrial gene function. A major factor in the age- 
associated gradual decline of tissue function has been attributed to the reduction or loss of 
mitochondrial integrity and function. Furthermore, this has been attributed to the age- 
associated increase in oxidative stress that targets mitochondrial DNA and proteins. One 

25 aspect of the present invention is thus to determine the integrity of the mitochondria, both 
structure and function, as is indicated by the activity of the genes that code for 
mitochondrial enzymes and structural proteins. 

Another aspect of the present invention is to identify the genetic expression 
patterns that govern aging. The mtDNA array can be used to determine specific patterns 

30 of altered gene expression for mtDNA as well as the nuclear DNA that encodes the 
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mitochondrial proteins. In order to achieve this goal, mitochondrial and related nuclear 
genes can be used to generate an array of nucleic acids by immobilizing them on a solid 
support, including, but not limited to, a microscopic slide or hybridization filter. By 
screening a plurality of mitochondrial-related coding sequences (genes) in this manner, 
5 associations between gene expression and various disease states may be determined. 

The term "array" as used herein refers to any desired arrangement of a set of 
nucleic acids on a solid support. Specifically included within this term are so called 
microarrays, gene chips and the like. As used herein, the term "mitochondrial-related" 
coding sequence refers to those coding sequences necessary for the proper structure, 

10 assembly, and/or function of mitochondria. Such mitochondrial-related coding sequences 
may be found on the nuclear and mitochondrial genomes. The term "plurality of 
mitochondrial-related coding sequences" refers to at least 13 mitochondrial encoded 
genes, which represents a minimum representative sampling for screening of gene 
expression associated with mitochondrial structure and/or function. 

15 Patterns of mitochondrial gene expressions in younger and older animal tissue can 

be screened with the invention by including in arrays nucleic acids from genes that are 
expressed in different tissues such including, but not limited to, liver, brain, heart, 
skeletal and cardiac muscle, spleen, kidney, gut, and blood. The differences in the 
expression of the mitochondrial genes in younger and older animals will provide insight 

20 into the regulatory processes of mtDNA in aging. 

The arrays provided by the invention can also be used to study young versus aged 
tissues in mice, in response to a number of substances, for example, candidate drugs, 
inflammatory agents, heavy metals, and major acute phase reactants. The pathways 
associated with longevity and the effects of aging in responding to stress can thus be 

25 analyzed. The genes encoding signaling pathway intermediates activated by 
mitochondrial damaging agents and the genes targeting these pathways may also be 
examined. 

The arrays provided by the invention may also be used to identify the effects of 
aging on liver, brain, muscle and other tissues as well as various other cells in culture; for 
30 example, to demonstrate that increased ROS due to mitochondrial damage in aged tissues 
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may be a basic factor in the persistent activation of signals mediating chronic stress; and 
to demonstrate that the response to stress and injury is a major process affected by aging. 
Previous studies suggest that each tissue in the body could exhibit specific age-associated 
decrements in its ability to manifest specific response(s) to stress. The invention could 
5 thus be used to establish that responses to stress are intrinsic processes affected by aging 
even in the absence of disease, but whose decline can be accelerated by environmental 
factors and disease. 

The arrays of the invention could also be used, for example, to investigate the role 
or effect of mitochondrial function in different diseases, including neurodegenerative 

10 diseases (Alzheimer's and Parkinson's disease), diabetes mellitus, and others (Table 1). 
The arrays may also be used for the development of drugs and evaluation of their effects 
on mitochondrial function, and for the identification and detection of modulation of 
mitochondrial damage in different disease states. Table 1 lists some of the Mus musculus 
and corresponding Homo sapiens mitochondrial genes and the human diseases associated 

15 with specific genetic defects. Accordingly, one aspect of the invention provides an array 
comprising nucleic acids corresponding to the accessions listed in Table 1. In one 
embodiment of the invention, nucleic acids of at least 5, 10, 13, 15, 20, 30 or 40 or more 
of the accessions given in Table 1 are included on an array of the present invention. 

In another embodiment of the present invention, it is contemplated that the arrays 

20 may be used to screen "knockout" or "knockin" genes affecting mitochondrial 
development or function. Well known technologies such as, but not limited to, the Cre- 
lox system, homologous recombination, and interfering RNAs (siRNA, shRNA, RNAi) 
are commonly used by those skilled in the art to alter gene expression in animals or cell 
lines. The arrays of the present invention could be used to monitor the degree of altered 

25 gene expression which would indicate the success or failure of such experiments. For 
instance densitometric or fluorescent analysis of arrays of the present invention could 
determine the degree of expression reduction in a shRNA experiment where success or 
failure is measured by the degree of gene knockdown. Commonly the number of 
interfering RNA molecules hybridizing along a gene sequence determines the degree of 

30 expression reduction which could be compared to controls in an array experiment where 
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one or more genes could be altered. Therefore in this embodiment the arrays of the 
present invention could be used to monitor one or many genes with respect to their 
expression levels in gene expression altering experiments. 

Overall, the invention has broad applicability in that it encompasses all factors 
5 that will affect mitochondrial biogenesis and assembly (replication) and mitochondrial 
function under any physiological or pathophysiological conditions. 
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B. The Mitochondria 

1. Role of mitochondrial integrity in tissue function: Critical factors in 
mitochondrial dysfunction and decline in tissue function 

It has been hypothesized that environmental factors accelerate the intrinsic 
5 processes of aging and the development of the aged phenotype. The overall results of 
past studies have suggested that aged tissues exhibit characteristics of chronic stress and a 
prolonged recovery from stress challenges. To understand the underlying basis for the 
development of these characteristics, the inventors have proposed that mitochondrial 
integrity and function may be severely affected in aged tissues due to oxidative 

10 metabolism (stress) which may lead to DNA damage and an increased production of 
ROS. Thus, in mitochondrial dysfunction a major factor responsible for many age- 
dependent changes is ROS. As a result of these homeostatic changes, there is an increase 
in the state of oxidative stress in aged tissues, which produces a chemical effect on the 
activity of signaling pathways and stress response genes. The age-associated increase of 

15 the pro-oxidant state based on continued and increased production of ROS by intrinsic 
and extrinsic factors enhance biological processes characteristic of chronic stress in aged 
tissues, and enhance development of age-associated diseases. 

2. Mitochondrial Physiology 

20 One of the primary functions of the mitochondria is the generation of cellular 

energy by the process of oxidative phosphorylation (OXPHOS). OXPHOS encompasses 
the electron transport chain (ETC) consisting of NADH dehydrogenase (complex I), 
succinate dehydrogenase (complex II), cytochrome c-coenzyme Q oxidoreductase 
(complex III) and cytochrome c oxidase (complex IV). Oxidation of NADH or succinate 

25 by the ETC generates an electrochemical gradient (Ay) across the mitochondrial inner 
membrane, which is utilized by the ATP synthase (complex V) to synthesize ATP. This 
ATP is exchanged for cytosolic ADP by the adenine nucleotide translocator (ANT). 
Inhibition of the ETC results in the accumulation of electrons in the beginning of the 
ETC, where they can be transferred directly to O2 to give superoxide anion (O2-). 

30 Mitochondrial O2- is converted to H2O2 by superoxide dismutase (MnSOD), and H2O2 is 
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converted to H 2 0 by glutathione peroxidase (GPxl). The mitochondria is also the 
primary decision point for initiating apoptosis. This is mediated by the opening of the 
mitochondrial permeability transition pore (mtPTP), which couples the ANT in the inner 
membrane with porin (VDAC) in the outer membrane to the pro-apoptotic Bax and anti- 
5 apoptotic Bcl2. Increased mitochondrial Ca** or ROS and/or decreased A\j/ or ATP tend 
to activate the mtPTP an initiate apoptosis (Wallace, 1999). Most of the above genes are 
components of the current microarrays. 

3. The Mitochondrial Genome 

10 The mouse (Anderson et al t 1981) and human (Waterston et a/., 2002) 

mitochondrial genomes consist of a single, circular double stranded DNA molecule of 
16,295 and 16,569 base pairs respectively, both of which has been completely sequenced 
(FIG.l and 2). They are present in thousands of copies in most cells and in multiple 
copies per mitochondrion. The mouse and human mitochondrial genomes (Tables 2-3) 

15 contain 37 genes, 28 of which are encoded on one of the strands of DNA and 9 encoded 
on the other. Of these genes, 24 encode RNAs (Table 3) of two types, ribosomal RNAs 
required for synthesis of mitochondrial proteins involved in cellular oxidative 
phosphorylation, and 22 amino acid carrying transfer RNAs (tRNA). The mitochondrial 
genome thus encodes only a small proportion of the proteins required for its specific 

20 functions; the bulk of the mitochondrial polypeptides are encoded by nuclear genes and 
are synthesized on cytoplasmic ribosomes before being imported into the mitochondria; 
examples of these genes may be found in Table 1 and on the internet on websites such as 
the National Center for Biotechnology Information (NCBI) website and GenomeWeb. 
The mitochondrial genome resembles that of a bacterium in that the genes have no 

25 introns, and that there is a very high percentage of coding DNA (about 93% of the 
genome is transcribed as opposed to about 3% of the nuclear genome) and a lack of 
repeated DNA sequences. 
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Table 2 



Homo sapiens mitochondrion, complete genome 



Location 


Strand 


Length 


Gene 


Product 


3308 4264 


+ 


319 


ND1 


NADH dehydrogenase subunit 1 


4471..5514 


+ 


348 


ND2 


NADH dehydrogenase subunit 2 


5905..7446 


+ 


414 


COX1 


Cytochrome c oxidase subunit I 


7587..8270 


+ 


228 


COX2 


Cytochrome c oxidase subunit II 


8367..8573 


+ 


69 


ATP8 


ATP synthase F0 subunit 8 


8528..9208 


+ 


227 


ATP6 


ATP synthase F0 subunit 6 


9208..9988 


+ 


260 


COX3 


Cytochrome c oxidase subunit HI 


10060.. 10405 


+ 


115 


ND3 


NADH dehydrogenase subunit 3 


10471. .10767 


+ 


99 


ND4L 


NADH dehydrogenase subunit 4L 


10761. .12138 


+ 


459 


ND4 


NADH dehydrogenase subunit 4 


12338..14149 


+ 


604 


ND5 


NADH dehydrogenase subunit 5 


141 50.. 14674 




175 


ND6 


NADH dehydrogenase subunit 6 


14748..15882 


+ 


378 


CYTB 


Cytochrome b 



Mus musculus mitochondrion, complete genome 



Location 


Strand 


Length 


Gene 


Product 


2760..3707 


+ 


316 


ND1 


NADH dehydrogenase subunit 1 


3914..4951 


+ 


346 


ND2 


NADH dehydrogenase subunit 2 


5328..6872 


+ 


515 


COX1 


Cytochrome c oxidase subunit I 


7013..7696 


+ 


228 


COX2 


Cytochrome c oxidase subunit II 


7766.J969 


+ 


68 


ATP8 


ATP synthase F0 subunit 8 


7927..8607 


+ 


227 


ATP6 


ATP synthase F0 subunit 6 


8607..9390 


+ 


261 


COX3 


Cytochrome c oxidase subunit III 


9459..9803 


+ 


115 


ND3 


NADH dehydrogenase subunit 3 


9874.. 10167 


+ 


98 


ND4L 


NADH dehydrogenase subunit 4L 


10161..1 1538 


+ 


459 


ND4 


NADH dehydrogenase subunit 4 


11736.. 13559 


+ 


608 


ND5 


NADH dehydrogenase subunit 5 


13546.. 14064 




173 


ND6 


NADH dehydrogenase subunit 6 


14139.. 15282 


+ 


381 


CYTB 


Cytochrome b 
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TABLE 3 



Mus musculus Homo sapiens 



24 RNA Genes 




24 RNA Genes 




Ribosomal RNAs 




Ribosomal RNAs 




Location 




Product 


Location 




Product 




i 

T 


12S ribosomal RNA 


OjU.. 10U3 


_L 

1 


12S ribosomal RNA 


1 £71 lOlfi 
10/3. .3Z3U 


i 
i 


16S ribosomal RNA 


1 £71 171fi 
10 /3..3Z31/ 


_J_ 

I 


16S ribosomal RNA 


iranster KJNAs 






iransier ivln/\s 






Location 




Product 


.Location 




Product 


1..UO 


1 


tRNA-Phe 


^70 &AQ 

j / y..o4y 


i 


tRNA-Phe 


innc 1 AQ1 
ivjZj. A\)y 3 


_i_ 

i 


tRNA-Val 


1 &(\A 1 £77 
10U4.. lO/Z 


_|_ 


tRNA-Val 


ZO/O..Z /jU 


T 


tRNA-Leu 


7011 llfK 
3Z3 1 ..33UJ 


4_ 

i 


tRNA-Leu 


3 /{JO. .J / /4 


_i_ 


tRNA-Ile 


A7£zl A117 
4Z04..433Z 


4- 


tRNA-Ile 


1777 1C/17 

3 / /z..3o4z 




tRNA-Gln 


AAA1 
433U..44U 1 




tRNA-Gln 


3o4j..3y 13 


_l_ 


tRNA-Met 


44U3..4H /U 


_|_ 


tRNA-Met 




I 

T 


tRNA-Trp 


JJ 1 J..JJOU 


4_ 
i 


tRNA-Trp 






tRNA-Ala 


rroo ££££ 




tRNA-Ala 


cnon c 1 £H 




tRNA-Asn 


JOJO..J /3U 




tRNA-Asn 


< 1 no C7C7 

j lyz..jzj / 




tRNA-Cys 


^7£7 ^Q77 
J /OZ..JOZ / 




tRNA-Cys 


C7/CA ct)/: 




tRNA-Tyr 






tRNA-Tyr 






tRNA-Ser 


/44o.. /M / 




tRNA-Ser 


6942.. 70 11 


+ 


tRNA-Asp 


7519..7586 


+ 


tRNA-Asp 


7700.. 7764 


+ 


tRNA-Lys 


8296.-8365 


+ 


tRNA-Lys 


9391..9458 


+ 


tRNA-Gly 


9992.. 10059 


+ 


tRNA-Gly 


9805..9872 


+ 


tRNA-Arg 


10406..10470 


+ 


tRNA-Arg 


11539..11606 


+ 


tRNA-His 


12139..12207 


+ 


tRNA-His 


11607..11665 


+ 


tRNA-Ser 


12208.. 12266 


+ 


tRNA-Ser 


11665-11735 


+ 


tRNA-Leu 


12267..12337 


+ 


tRNA-Leu 


14065..14133 




tRNA-Glu 


14675.. 14743 




tRNA-Glu 


15238.. 15349 


+ 


tRNA-Thr 


15889..15954 


+ 


tRNA-Thr 


15350.. 15416 




tRNA-Pro 


15956..16024 




tRNA-Pro 
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4. Mitochondrial DNA Mutations 

Mitochondrial DNA mutations that develop during the course of a lifetime are 
called somatic mutations. The accumulation of somatic mutations might help explain 
how people who were born with mtDNA mutations often become ill after a delay of years 
5 or even decades. It is hypothesized that the buildup of random, somatic mutations 
depresses energy production and cause mitochondrial dysfunction that results in a decline 
in tissue function. This decline in the activity of proteins of the electron transport 
complexes involved in energy production within the mitochondria could be an important 
contributor to aging as well as to various age-related degenerative diseases. The 

10 characteristic hallmark of disease - a worsening over time - is thought to occur because 
long-term effects on certain tissues such as brain and muscle leads to progressive disease. 

Other factors believed to contribute to the decline in mitochondrial energy 
production and its associated age-related diseases are, long-term exposure to certain 
environmental toxins, and accumulated somatic mutations. Mitochondria generate 

15 oxygen-free radicals that scientists believe may attack mitochondria and mutate mtDNA. 
Thus, somatic mutations of mtDNA contribute to the more common signs of aging (loss 
of strength, endurance, memory, hearing and vision) and some mtDNA mutations have 
been reported to increase with the age of the heart, skeletal muscle, liver, and brain 
regions controlling memory and motion (Melov et al., 2000). Few of these mutations can 

20 be detected before the age of 30 or 40, but they increase exponentially with age after that. 

Current theories propose that progressive age-associated declines in tissue 
function are caused by changes in biological processes that occur in the absence of 
disease, and that wear and tear are major factors that accelerate this decline in tissue 
function. Thus, it is important to demonstrate that the development of certain intrinsic 

25 biological processes may be the basis for the gradual age-associated decline in tissue 
function, and ultimately for organ failure and death, and that environmental insults are 
important factors which may accelerate the gradual decline in tissue function. The 
etiologic agents that bring about homeostatic changes that occur in aged cells and tissues, 
include factors that generate reactive oxygen species (ROS), such as cytokines and 

30 oxidative phosphorylation. It is hypothesized that a gradual decline in tissue function is 

25373938.1 

-35- 



n » 



caused by the increase in the pro-oxidant state of aged tissues. Furthermore, this may be 
due to an elevated intrinsic oxidative stress that is mitochondrially derived, which causes 
an overall increase in the pro-oxidant state of aged tissues, and that such extrinsic factors 
as mitochondrial damaging agents intensify this pro-oxidant state. The working 
5 hypothesis states that aging increases the activity of stress factors (e.g., cytokines, ROS), 
and that stabilization of this new level of activity produces chronic stress in aged tissues 
(Papaconstantinou, 1994; Saito et al, 2001; Hsieh et al, 2002). 

5. Mitochondrial genes in degenerative diseases and aging 
10 i) Mitochondrial Diseases 

It is becoming increasingly apparent that mitochondrial dysfunction is a central 
factor in degenerative diseases and aging. The present invention provides a tool for 
identifying mitochondrial genes involved in aging and age-related diseases, but is not 
limited to such. Mitochondrial diseases have been associated with both mtDNA and 

15 nuclear DNA (nDNA) mutations. MtDNA base substitution mutations resulting in 
maternally inherited diseases can affect the structure and function of proteins and protein 
synthesis (mutations of rRNAs and tRNAs). 

In comparison with the nuclear genome, the mitochondrial genome is a small 
target for mutation (about 1/200,000 of the size of the nuclear genome). Thus, the 

20 proportion of clinical disease due to mutations in the mitochondrial genome might 
therefore be expected to be extremely low. However, due to the large amounts of non- 
coding DNA in the nuclear genome, most mutations in the nuclear genome do not cause 
diseases. In contrast, the bulk of the mitochondrial genome is composed of coding 
sequence and mutation rates in mitochondrial genes are thought to be about 10 times 

25 higher than those in the nuclear genome, likely because of the close proximity of the 
mtDNA to oxidative reactions; the number of replications is higher; and mtDNA 
replication is more error-prone. Accordingly, mutation in the mitochondrial genome is a 
significant contributor to human disease. 

Mitochondrial diseases can be caused by the same types of mutations that cause 

30 disorders of the nuclear genome i e., base substitutions, insertions, deletions and 
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rearrangements resulting in missense or non-sense transcripts. An important aspect of the 
molecular pathology of mtDNA disorders, however, is whether every mtDNA molecule 
carries the causative mutation (homoplasmy) or whether the cell contains a mixed 
population of normal and mutant mitochondria (heteroplasmy). Where heteroplasmy 
5 occurs, the disease phenotype may therefore depend on the proportion of abnormal 
mtDNA in some critical tissue. Also, this proportion can be very different in mother and 
child because of the random segregation of mtDNA molecules at cell division. 

The idea that defects in mitochondrial respiratory chain function might be the 
basis of disease has been considered for some time but it was not until 1988 that 

10 molecular analysis of mtDNA provided the first direct evidence for mtDNA mutations in 
neurological disorders, notably Leber's hereditary optic neuropathy. An example of a 
pathogenic mtDNA missense mutation is the ND6 gene mutation at nucleotide pair (np) 
14459, which causes Leber's hereditary optic neuropathy (LHON) and/or dystonia. The 
np 14459 mutation results in a marked complex I defect, and the segregation of the 

15 heteroplasmic mutation generates the two phenotypes along the same maternal lineage 
( Jun et al , 1 994; Jun et al , 1 996). 

A relatively severe mitochondrial protein synthesis disease is caused by the np 
8344 mutation in the tRNALys gene resulting in myoclonic epilepsy and ragged red fiber 
(MERRF) disease. Mitochondrial myopathy with ragged red muscle fibers (RRFs) and 

20 abnormal mitochondria is a common feature of severe mitochondrial disease. A delayed 
onset and progressive course are common features of mtDNA diseases (Wallace et al. 9 
1988; Shoffher et al, 1990). The severity as well as temporal characteristics of mtDNA 
mutations is illustrated by some of the most catastrophic diseases in which a the nt 4336 
mutation in the tRNA GIu gene is associated with late-onset Alzheimer (AD) and 

25 Parkinson Disease (PD) (Shoffher et al, 1993). 

Degenerative diseases can also be caused by rearrangements in the mtDNA. 
Spontaneous mtDNA deletions often present with chronic progressive external 
ophthalmoplegia (CPEO) and mitochondrial myopathy, together with an array of other 
symptoms (Shoffher et al, 1989). Maternal-inherited mtDNA rearrangement diseases 

30 are more rare. 
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Mitochondrial function also declines with age in the post-mitotic tissues of 
normal individuals. This is associated with the accumulation of somatic mtDNA 
rearrangement mutations in tissues such as skeletal muscle and brain (Corral-Debrinski 
etal, 1991; Corral-Debrinski et aL, 1992a; Corral-Debrinski et aL, 1992b; Corral- 
5 Debrinski et aL, 1994; Horton et aL, 1995; Melov et aL, 1995). This same age-related 
accumulation of mtDNA rearrangements is seen in other multi-cellular animals including 
the mouse, where the accumulation of mtDNA damage is retarded by dietary restriction 
(Melov et aL, 1997). Some examples of human disorders that can be caused by 
mutations in the mtDNA are listed in Table 1 . 

10 

ii) Aging and Age-Related Diseases 

Several factors could cause mitochondrial energy production to decline with age 
even in people who start off with healthy mitochondrial and nuclear genes. Long-term 
exposure to certain environmental toxins is one such factor. Many of the most potent 

15 toxins known, play a role in inhibiting the mitochondria. Another factor could be the 
lifelong accumulation of somatic mitochondrial DNA mutations. The mitochondrial 
theory of aging holds that as an individual lives and produces ATP, the mitochondria 
generates oxygen free radicals that inexorably attack and mutate the mitochondrial DNA. 
This random accumulation of somatic mitochondrial DNA mutations in people who 

20 began life with healthy mitochondrial genes would ultimately reduce energy output 
below needed levels in one or more tissues if the individuals lived long enough. In so 
doing, the somatic mutations and mitochondrial inhibition could contribute to common 
signs of normal aging, such as loss of memory, hearing, vision, strength and stamina. In 
people whose energy output was already compromised (whether by inherited 

25 mitochondrial or nuclear mutations or by toxins or other factors), the resulting somatic 
mtDNA injury would push energy output below desirable levels more quickly. These 
individuals would then display symptoms earlier and would progress to full-blown 
disease more rapidly than would people who initially had no deficits in their energy 
production capacity. 



25373938.1 



'I 



There is a plethora of evidence that energy production declines and somatic 
mtDNA mutation increases as humans grow older. Work by many groups has shown that 
the activity of at least one respiratory chain complex, and possibly another, falls with age 
in the brain, skeletal muscle, and the heart and liver. Further, various rearrangement 
5 mutations in mtDNA have been found to increase with age in many tissues-especially in 
the brain (most notably in regions controlling memory and motion). Rearrangement 
mutations have also been shown to accumulate with age in the mtDNA of skeletal 
muscle, heart muscle, skin and other tissues. Certain base-substitution mutations that 
have been implicated in inherited mtDNA diseases may accumulate as well. All of these 
10 reports agree that few mutations reach detectable levels before age 30 or 40, but they 
increase exponentially after that. Studies of aging muscle attribute some of this increase 
to selective amplification of mitochondrial DNAs from which regions have been deleted. 

C. Arrays for Analysis of Mitochondrial-Related Gene Expression 

15 The mitochondrial array is a complex resource that requires basic information and 

knowledge of procedures for constructing the genetic (DNA) sequences 
(components/targets) of each spot on the microarray; the preparation of DNA-probes 
needed to detect the mitochondrial gene products and the analysis of the resultant 
intensities of hybridization to the microarray chip. The arrays provided by the present 

20 invention have the potential to identify all of several hundred known mitochondrial genes 
identified. Further, additional genes may be added as desired and when they are 
identified. 

The recent sequencing of the entire yeast, human, and mouse genomes has 
provided information on all of the mitochondrial genes of these organisms. This database 

25 has been used to search the mouse, rat and human genome databases for homologous 
genes. All of the known mitochondrial genes for mouse, rat and human have been 
identified. This information can be used for the construction of arrays for these species in 
accordance with the invention. In principle, DNA sequences representing all of the 
mitochondrial-related genes of an organism can be placed on a solid support and used as 

30 hybridization substrates to quantify the expression of the genes represented in a complex 
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mRNA sample in accordance with the invention. Thus, the present invention provides a 
DNA microarray of mitochondrial and nuclear mitochondrial genes. The mitochondrial 
gene array will play a crucial role in the analysis of mitochondrially associated diseases, 
both genetic and epigenetic; it will provide the resources needed to develop drugs and 
5 pharmaceuticals to counteract such diseases; it will provide information on whether drugs 
affect mitochondrial function; and it will provide information on how toxic factors, 
hormones, growth factors, nutritional factors and stress factors affect mitochondrial 
function. 

10 1. DNA Arrays 

DNA array technology provides a means of rapidly screening a large number of 
DNA samples for their ability to hybridize to a variety of single or denatured double 
stranded DNA targets immobilized on a solid substrate. Techniques available include 
chip-based DNA technologies, such as those described by Hacia et ah (1996) and 

15 Shoemaker et ah (1996). These techniques involve quantitative methods for analyzing 
large numbers of genes rapidly and accurately. The technology capitalizes on the 
complementary binding properties of single stranded DNA to screen DNA samples by 
hybridization (Pease et ah, 1994; Fodor et ah, 1991). Basically, a DNA array consists of 
a solid substrate upon which an array of single or denatured double stranded DNA 

20 molecules (targets) have been immobilized. 

For screening, the array may be contacted with labeled single stranded DNA 
probes which are allowed to hybridize under stringent conditions. The array is then 
scanned to determine which probes have hybridized. In a particular embodiment of the 
instant invention, an array would comprise targets specific for mitochondrial genes. In 

25 the context of this embodiment, such targets could include synthesized oligonucleotides, 
double stranded cDNA, genomic DNA, plasmid and PCR products, yeast artificial 
chromosomes (YACs), bacterial artificial chromosomes (BACs), chromosomal markers 
or other constructs a person of ordinary skill would recognize as being able to selectively 
hybridize to the mRNA or complements thereof of a mitochondrial-related coding 

30 sequence. 
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A variety of DNA array formats have been described, for example U.S. Patents 
5,861,242 and 5,578,832, which are expressly incorporated herein by reference. A means 
for applying the disclosed methods to the construction of such an array would be clear to 
one of ordinary skill in the art. In brief, in one embodiment of the invention, the basic 
5 structure of an array may comprise: (1) an excitation source; (2) an array of targets; (3) a 
labeled nucleic acid sample; and (4) a detector for recognizing bound nucleic acids. Such 
an array will typically include a suitable solid support for immobilizing the targets. 

In particular embodiments of the invention, a nucleic acid probe may be tagged or 
labeled with a detectable label, for example, an isotope, fluorophore or any other type of 

10 label. The target nucleic acid may be immobilized onto a solid support that also supports 
a phototransducer and related detection circuitry. Alternatively, a gene target may be 
immobilized onto a membrane or filter that is then attached to a microchip or to a 
detector surface. In a further embodiment, the immobilized target may be tagged or 
labeled with a substance that emits a detectable or altered signal when combined with the 

15 nucleic acid probe. The tagged or labeled species may, for example, be fluorescent, 
phosphorescent, or otherwise luminescent, or it may emit Raman energy or it may absorb 
energy. When the probes selectively bind to a targeted species, a signal can be generated 
that is detected by the chip. The signal may then be processed in several ways, 
depending on the nature of the signal. 

20 DNA targets may be directly or indirectly immobilized onto a solid support. The 

ability to directly synthesize on or attach polynucleotide probes to solid substrates is well 
known in the art (see U.S. Patents 5,837,832 and 5,837,860, both of which are expressly 
incorporated by reference). A variety of methods have been utilized to either 
permanently or removably attach probes to a target/substrate (Stripping and reprobing of 

25 targets). Exemplary methods include: the immobilization of biotinylated nucleic acid 
molecules to avidin/streptavidin coated supports (Holmstrom, 1993), the direct covalent 
attachment of short, 5-phosphorylated primers to chemically modified polystyrene plates 
(Rasmussen et al. 9 1991), or the precoating of polystyrene or glass solid phases with 
poly-L-Lys or poly L-Lys, Phe, followed by the covalent attachment of either amino- or 

30 sulfhydryl-modified oligonucleotides using bi-functional crosslinking reagents (Running 
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et al. 9 1990; Newton et al. 9 1993). When immobilized onto a substrate, targets are 
stabilized and therefore may be used repeatedly. In general terms, hybridization may be 
performed on an immobilized nucleic acid target molecule that is attached to a solid 
surface such as nitrocellulose, nylon membrane or glass. Numerous other matrix 
5 materials may be used, including, but not limited to, reinforced nitrocellulose membrane, 
activated quartz, activated glass, polyvinylidene difluoride (PVDF) membrane, 
polystyrene substrates, polyacrylamide-based substrate, other polymers such as 
polyvinyl chloride), poly(methyl methacrylate), poly(dimethyl siloxane), photopolymers 
(which contain photoreactive species such as nitrenes, carbenes and ketyl radicals capable 
10 of forming covalent links with target molecules on substrates such as membranes, glass 
slides or beads). 

Binding of probe to a selected support may be accomplished by any means. For 
example, DNA is commonly bound to glass by first silanizing the glass surface, then 
activating with carbodimide or glutaraldehyde. Alternative procedures may use reagents 

15 such as 3-glycidoxypropyltrimethoxysilane (GOP) or aminopropyltrimethoxysilane 
(APTS) with DNA linked via amino linkers incorporated either at the 3 f or 5 1 end of the 
molecule during DNA synthesis. DNA may be bound directly to membranes using 
ultraviolet radiation. With nylon membranes, the DNA probes are spotted onto the 
membranes. A UV light source (Stratalinker,™ Stratagene, La Jolla, Ca.) is used to 

20 irradiate DNA spots and induce cross-linking. An alternative method for cross-linking 
involves baking the spotted membranes at 80°C for two hours in vacuum. 

Specific DNA targets may first be immobilized onto a membrane and then 
attached to a membrane in contact with a transducer detection surface. This method 
avoids binding the target onto the transducer and may be desirable for large-scale 

25 production. Membranes particularly suitable for this application include nitrocellulose 
membrane (e.g., from BioRad, Hercules, CA) or polyvinylidene difluoride (PVDF) 
(BioRad, Hercules, CA) or nylon membrane (Zeta-Probe, BioRad) or polystyrene base 
substrates (DNA.BIND™ Costar, Cambridge, MA). 
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2. Solid and Liquid Phase Array Assays 

Genetic sequence analysis can be performed with solution and solid phase assays. 
These two assay formats are used individually or in combination in genetic analysis, gene 
expression and in infectious organism detection. Currently, genetic sequence analysis 
5 uses these two formats directly on a sample or with prepared sample DNA or RNA 
labeled by any one from a long list of labeling reactions. These include, 5-Nuclease 
Digestion, Cleavase/Invader, Rolling Circle, and NASBA amplification systems to name 
a few. Epoch Biosciences has developed a powerful chemistry-based technology that can 
be integrated into both of these formats, using any of the amplification reactions to 

10 substantially improve their performance. These two formats include the popular 
homogeneous solution phase and the solid phase micro-array assays, which will be used 
in examples to demonstrate the technology's ability to substantially improve sensitivity 
and specificity of these assays. 

Hybridization-based assays in modem biology require oligonucleotides that base 

15 pair (i.e., hybridize) with a nucleic acid sequence that is complementary to the 
oligonucleotide. Complementation is determined by the formation of specific hydrogen 
bonds between nucleotide bases of the two strands such that only the base pairs adenine- 
thymine, adenine-uracil, and guanine-cytosine form hydrogen bonds, giving sequence 
specificity to the double stranded duplex. 

20 In duplex formation between an oligonucleotide and another nucleic acid 

molecule, the stability of the duplexes is a function of its length, number of specific (i.e., 
A - T, A - U, G - C) hydrogen bonded base pairs, and the base composition (ratio of G-C 
to A-T or A-U base pairs), since G-C base pairs provide a greater contribution to the 
stability of the duplex than does A-T or A-U base pairs. The quantitative measurement of 

25 a duplex's stability is expressed by its free energy (AG). Often a duplex's stability is 
measured using melting temperature (Tm) - the temperature at which one-half the 
duplexes have dissociated into single strands. Although AG is a more correct and 
universal measurement of duplex stability, the use of Tms in the laboratory are frequently 
used due to ease of measurement. Routine comparisons using Tm are an economical and 

30 sufficient way to compare this association strength characteristic, but is dependent on the 
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nature and concentration of cations in the hybridization buffer. While many of the 
diagrams and charts in the site will use Tm rather than AG, these values were generated 
using constant parameters of IX PCR buffer and l|am primer 

Arrays in accordance with the invention may be composed of a grid of hundreds 
5 or thousands or more of individual DNA targets arranged in discrete spots on a nylon 
membrane or glass slide or similar support surface and may include all mitochondrial- 
related coding sequences that have been identified, or a selected sampling of these. A 
sample of single stranded nucleotide can be exposed to a support surface, and targets 
attached to the support surface hybridize with their complementary strands in the sample. 
10 The resulting duplexes can be detected, for example, by radioactivity, fluorescence, or 
similar methods, and the strength of the signal from each spot can be measured. An 
advantage of the arrays of the invention is that a nucleic acid sample can be probed to 
detect the expression levels of many genes simultaneously. 

1 5 D. Mitochondrial Nucleic Acids/Oligonucleotides 

The present invention provides, in one embodiment, arrays of nucleic acid 
sequences immobilized on a solid support that selectively hybridize to expression 
products of mitochondrial-related coding sequences. Such mitochondrial-related coding 
sequences have been identified and include, for example, a coding sequence from the 

20 human or mouse mitochondrial genome. Sequences from the mouse mitochondrial 
genome are given, for example, by SEQ ID NO:l to SEQ ID NO: 13 herein. 

Nucleic acids bound to a solid support may correspond to an entire coding 
sequence, or any other fragment thereof set forth herein. The term, "nucleic acid," as 
used herein, refers to either DNA or RNA. The nucleic acid may be derived from 

25 genomic RNA as cDNA, i.e., cloned directly from the genome of mitochondria; cDNA 
may also be assembled from synthetic oligonucleotide segments. The nucleic acids used 
with the present invention may be isolated free of total viral nucleic acid. 

The term "coding sequence" as used herein refers to a nucleic acid which encodes 
a protein or polypeptide, including a gene or cDNA. In other aspects of the invention, the 

30 term, "coding sequence" is meant to include mitochondrial genes {i.e., genes which reside 
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in the mitochondria of a cell) as well as nuclear genes which are involved in 
mitochondrial structure, in mitochondrial function, or in both mitochondrial structure and 
mitochondrial function. Suitable genes include for example, yeast mitochondrial-related 
genes, C. elegans (nematode) mitochondrial-related genes, Drosophila mitochondrial- 
5 related genes, rat mitochondrial-related genes, mouse mitochondrial-related genes, and 
human mitochondrial-related genes. Many of the genes are known and are available at 
GenBank (a general database available on the internet at the National Institutes of Health 
website) and MitBase (see e.g., a database for mitochondrial related genes available on 
the internet). Other coding sequences can be readily identified by screening libraries 
10 based on homologies to known mitochondrial-related genes of other species. Some 
particularly suitable mitochondrial-related genes are set forth in the examples of this 
application. 

Allowing for the degeneracy of the genetic code, sequences that have at least 
about 50%, usually at least about 60%, more usually about 70%, most usually about 80%, 

15 preferably at least about 90% and most preferably about 95% of nucleotides that are 
identical to a mitochondrial-related coding sequence may also be functionally defined as 
sequences that are capable of hybridizing to the mRNA or complement thereof of a 
mitochondrial-related coding sequence under standard conditions. 

Each of the foregoing is included within all aspects of the following description. 

20 In the present invention, cDNA segments may also be used that are reverse transcribed 
from genomic RNA (referred to as "DNA"). As used herein, the term "oligonucleotide" 
refers to an RNA or DNA molecule that may be isolated free of other RNA or DNA of a 
particular species. "Isolated substantially away from other coding sequences" means that 
the sequence forms the significant part of the RNA or DNA segment and that the segment 

25 does not contain large portions of naturally-occurring coding RNA or DNA, such as large 
fragments or other functional genes or cDNA noncoding regions. Of course, this refers to 
the oligonucleotide as originally isolated, and does not exclude genes or coding regions 
later added to it by the hand of man. 

Suitable relatively stringent hybridization conditions for selective hybridizations 

30 will be well known to those of skill in the art. The nucleic acid segments used with the 
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present invention, regardless of the length of the sequence itself, may be combined with 
other RNA or DNA sequences, such that their overall length may vary considerably. It is 
therefore contemplated that a nucleic acid fragment of almost any length may be 
employed, with the total length preferably being limited by the ease of preparation and 
5 use in the intended recombinant DNA protocol. 

For example, nucleic acid fragments may be prepared that include a short 
contiguous stretch identical to or complementary to a mitochondrial-related coding 
sequence, or the mRNA thereof, such as about 10-20 or about 20-30 nucleotides and that 
are up to about 300 nucleotides being preferred in certain cases. Other stretches of 

10 contiguous sequence that may be identical or complementary to any such sequences, 
including about 100, 200, 400, 800, or 1200 nucleotides, as well as the full length of the 
coding sequence or cDNA thereof. All that is necessary of such sequences is that 
selective hybridization for nucleic acids of mitochondrial-related coding sequences be 
carried out. The minimum length of nucleic acids capable of use in this regard will thus 

15 be known to those of skill in the art. 

In principle, these oligonucleotide sequences can all selectively hybridize to a 
single gene such as a mitochondrial-related gene. Typically, however, the 
oligonucleotide sequences can be chosen such that at least one of the oligonucleotide 
sequences hybridizes to a first gene and at least one other of the oligonucleotide 

20 sequences hybridizes to a second, different gene. 

As indicated above, the array can include a plurality of oligonucleotide sequences. 
For example, the array can include at least 5 oligonucleotide sequences, and each of the 5 
oligonucleotide sequences can selectively hybridize to genes. In this case, a first 
oligonucleotide sequence would selectively hybridize to a first gene; a second 

25 oligonucleotide sequence would selectively hybridize to a second gene; a third 
oligonucleotide sequence would selectively hybridize to a third gene; a fourth 
oligonucleotide sequence would selectively hybridize to a fourth gene; and a fifth 
oligonucleotide sequence would selectively hybridize to a fifth gene, and each of the first, 
second, third, fourth and fifth genes would be different from one another. 

30 
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1. Oligonucleotide Probes and Primers 

The various probes and targets used with the present invention may be of 
any suitable length. Naturally, the present invention encompasses use of RNA and DNA 
segments that are complementary, or essentially complementary, to a mitochondrial- 
5 related coding sequence. Nucleic acid sequences that are " complementary" are those 
that are capable of base-pairing according to the standard Watson-Crick complementary 
rules. As used herein, the term "complementary sequences" means nucleic acid 
sequences that are substantially complementary, as may be assessed by the same 
nucleotide comparison set forth above, or as defined as being capable of hybridizing to a 

10 mitochondrial-related coding sequence, including the mRNA and cDNA thereof, under 
relatively stringent conditions such as those described herein. Such sequences may 
encode the entire sequence of the mitochondrial coding sequence or fragments thereof. 

Alternatively, the hybridizing segments may be shorter oligonucleotides. 
Sequences of 17 bases long should occur only once in the human genome and, therefore, 

15 suffice to specify a unique target sequence. Although shorter oligomers are easier to 
make and increase in vivo accessibility, numerous other factors are involved in 
determining the specificity of hybridization. Both binding affinity and sequence 
specificity of an oligonucleotide to its complementary target increases with increasing 
length. Oligonucleotide targets may also be attached to substrates such that each target 

20 selectively hybridizes to a separate region along a single gene for the purposes of 
identification and detection of gene mutations including, rearrangements, deletions, 
insertions, or single nucleotide polymorphisms (SNP) based on reduced probe signal 
compared to normal control signals. 

25 E. Assaying for Relative Expression of Mitochondrial-Related Coding 
Sequences 

The present invention, in various embodiments, involves assaying for gene 
expression. There are a wide variety of methods for assessing gene expression, most 
which are reliant on hybrdization analysis. In specific embodiments, template-based 
30 amplification methods are used to generate (quantitatively) detectable amounts of gene 
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products, which are assessed in various manners. The following techniques and reagents 
will be useful in accordance with the present invention. 

Nucleic acids used for screening may be isolated from cells contained in a 
biological sample, according to standard methodologies (Sambrook etal. 9 1989 and 
5 2001). The nucleic acid may be genomic DNA or RNA or fractionated or whole cell 
RNA. Where RNA is used, it may be desired to convert the RNA to a complementary 
DNA using reverse transcriptase (RT). In one embodiment, the RNA is mRNA and is 
used directly as the template for probe construction. In others, mRNA is first converted 
to a complementary DNA sequence (cDNA) and this product is amplified according to 

1 0 protocols described below. 

As used herein, "hybridization", "hybridizes" or "capable of hybridizing" is 
understood to mean the forming of a double or triple stranded molecule or a molecule 
with partial double or triple stranded nature. The term "anneal" as used herein is 
synonymous with "hybridize." The term "hybridization", "hybridize(s)" or "capable of 

15 hybridizing" encompasses the terms "stringent condition(s)" or "high stringency" and the 
terms "low stringency" or "low stringency condition(s)." 

The phrase, "selectively hybridizing to" refers to a nucleic acid that hybridizes, 
duplexes, or binds only to a particular target DNA or RNA sequence when the target 
sequences are present in a preparation of DNA or RNA. By selectively hybridizing, it is 

20 meant that a nucleic acid molecule binds to a given target in a manner that is detectable in 
a different manner from non-target sequence under moderate, or more preferably under 
high, stringency conditions of hybridization. Proper annealing conditions depend, for 
example, upon a nucleic acid molecule's length, base composition, and the number of 
mismatches and their position on the molecule, and must often be determined 

25 empirically. For discussions of nucleic acid molecule (probe) design and annealing 
conditions, see, for example, Sambrook et ah, (1989 and 2001). 

As used herein "stringent condition(s)" or "high stringency" are those conditions 
that allow hybridization between or within one or more nucleic acid strand(s) containing 
complementary sequence(s), but precludes hybridization of random sequences. Stringent 

30 conditions tolerate little, if any, mismatch between a nucleic acid and a target strand. 
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Such conditions are well known to those of ordinary skill in the art, and are preferred for 
applications requiring high selectivity. Non-limiting applications include isolating a 
nucleic acid, such as a gene or a nucleic acid segment thereof, or detecting at least one 
specific mRNA transcript or a nucleic acid segment thereof, and the like. 
5 Stringent conditions may comprise low salt and/or high temperature conditions, 

such as provided by about 0.02 M to about 0.15 M NaCl at temperatures of about 50°C to 
about 70°C. It is understood that the temperature and ionic strength of a desired 
stringency are determined in part by the length of the particular nucleic acid(s), the length 
and nucleobase content of the target sequence(s), the charge composition of the nucleic 

10 acid(s), and to the presence or concentration of formamide, tetramethylammonium 
chloride or other solvent(s) in a hybridization mixture. 

High stringency hybridization conditions are selected at about 5° C lower than the 
thermal melting point - Tm - for the specific sequence at a defined ionic strength and 
pH. The Tm is the temperature (under defined ionic strength and pH) at which 50% of 

15 the target sequence hybridizes to a perfectly matched probe. As other factors may 
significantly affect the stringency of hybridization, including, among others, base 
composition and size of complementary strands, the presence of organic solvents, i.e., 
salt or formamide concentration, and the extent of base mismatching, the combination of 
parameters is more important than the absolute measure of any one. High stringency may 

20 be attained, for example, by overnight hybridization at about 68°C in a 6X SSC solution, 
washing at room temperature with a 6X SSC solution, followed by washing at about 68°C 
in a 6X SSC solution then in a 0.6X SSX solution or using commercially available 
proprietary hybridization solutions such as that offered by ClonTech™. 

Hybridization with moderate stringency may be attained, for example, by: (1) 

25 filter pre-hybridizing and hybridizing with a solution of 3X sodium chloride, sodium 
citrate (SSC), 50% formamide, 0.1M Tris buffer at pH 7.5, 5X Denhart's solution; (2) 
pre-hybridization at 37° C for 4 hours; (3) hybridization at 37°C with amount of labeled 
probe equal to 3,000,000 cpm total for 16 hours; (4) wash in 2X SSC and 0.1% SDS 
solution; (5) wash 4X for 1 minute each at room temperature and 4X for 30 minutes each; 

30 and (6) dry and expose to film. 
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It is also understood that the ranges, compositions and conditions for 
hybridization are mentioned by way of non-limiting examples only, and that the desired 
stringency for a particular hybridization reaction is often determined empirically by 
comparison to one or more positive or negative controls. Depending on the application 
5 envisioned it is preferred to employ varying conditions of hybridization to achieve 
varying degrees of selectivity of a nucleic acid towards a target sequence. In a non- 
limiting example, identification or isolation of a related target nucleic acid that does not 
hybridize to a nucleic acid under stringent conditions may be achieved by hybridization 
at low temperature and/or high ionic strength. Such conditions are termed "low 

10 stringency" or "low stringency conditions", and non-limiting examples of low stringency 
include hybridization performed at about 0.15 M to about 0.9 M NaCl at a temperature 
range of about 20°C to about 50°C. Of course, it is within the skill of one in the art to 
further modify the low or high stringency conditions to suite a particular application. 

Generally, nucleic acid sequences suitable for use in the arrays of the present 

15 invention (i.e., those oligonucleotide sequences that selectively hybridize to 
mitochondrial-related genes) can be identified by comparing portions of a mitochondrial- 
related gene's sequence to other known sequences {e.g., to the other sequences described 
in GenBank) until a portion that is unique to the mitochondrial-related gene is identified. 
This can be done using conventional methods and is preferably carried out with the aid of 

20 a computer program, such as the BLAST program. Once such a unique portion of the 
mitochondrial-related gene is identified, flanking primers can be prepared and targets 
corresponding to the unique portion can be produced using, for example, conventional 
PCR techniques. This method of identification, preparation of flanking primers, and 
preparation of oligonucleotides is repeated for each of the mitochondrial-related genes of 

25 interest. 

Once the oligonucleotide target sequences corresponding to the mitochondrial- 
related genes of interest are prepared, they can be used to make an array. Arrays can be 
made by immobilizing (e.g., covalently binding) each of the nucleic acids targets at a 
specific, localized, and different region of a solid support. As described herein, these 
30 arrays can be used to determine the expression of one or more mitochondrial-related 

25373938.1 

-50- 



genes in a cell line, in a tissue or tissues of interest. The method may involve contacting 
the array with a sample of material from cells or tissues under conditions effective for the 
expression products of mitochondrial-related genes to hybridize to the immobilized 
oligonucleotide target sequences. Illustratively, isostopic or fluorometric detection can 
5 be effected by labeling the material from cells or tissue with a radioisotope which will be 
incorporated into the probe during or after reverse transcriptase (RT) reaction or 
fluorescent labeled nucleotide (A,T,C,G,U) {e.g., flourescein), washing non-hybridized 
material from the array after hybridization is permitted to take place, and detecting 
whether a (labeled) mitochondrial-related gene transcripts hybridized to a particular 
10 target using, for example, phosphorimagers or laser scanners for detection of label and 
the knowledge of where in the array the particular oligonucleotide was immobilized. The 
arrays of the present invention can be used for a variety of other applications related to 
mitochondrial structure, function, and mutations as described herein. 

1 5 F. Screening For Modulators of Mitochondrial Function 

The present invention further comprises methods for identifying modulators of the 
mitochondrial structure and/or function. These assays may comprise random screening 
of large libraries of candidate substances; alternatively, the assays may be used to focus 
on particular classes of compounds selected with an eye towards structural attributes that 

20 are believed to make them more likely to modulate the function or expression of 
mitochondrial genes. 

To identify a modulator, one generally may determine the expression or activity 
of a mitochondrial gene in the presence and absence of the candidate substance, a 
modulator defined as any substance that alters function or expression. Assays may be 

25 conducted in cell free systems, in isolated cells, or in organisms including transgenic 
animals. It will, of course, be understood that all the screening methods of the present 
invention are useful in themselves notwithstanding the fact that effective candidates may 
not be found. The invention provides methods for screening for such candidates, not 
solely methods of finding them. 
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As used herein, the term "candidate substance" refers to any molecule that may 
potentially inhibit or enhance activity or expression of a mitochondrial or mitochondrial 
related gene. The candidate substance may be a protein or fragment thereof, a small 
molecule, a nucleic acid molecule or expression construct. It may be that the most useful 
5 pharmacological compounds will be compounds that are structurally related to a 
mitochondrial gene or a binding partner or substrate therefore. Using lead compounds to 
help develop improved compounds is know as "rational drug design" and includes not 
only comparisons with known inhibitors and activators, but predictions relating to the 
structure of target molecules. 

10 The goal of rational drug design is to produce structural analogs of biologically 

active polypeptides or target compounds. By creating such analogs, it is possible to 
fashion drugs, which are more active or stable than the natural molecules, which have 
different susceptibility to alteration or which may affect the function of various other 
molecules. In one approach, one would generate a three-dimensional structure for a 

15 target molecule, or a fragment thereof. This could be accomplished by x-ray 
crystallography, computer modeling or by a combination of both approaches. 

It also is possible to use antibodies to ascertain the structure of a target compound 
activator or inhibitor. In principle, this approach yields a pharmacore upon which 
subsequent drug design can be based. It is possible to bypass protein crystallography 

20 altogether by generating anti-idiotypic antibodies to a functional, pharmacologically 
active antibody. As a mirror image of a mirror image, the binding site of anti-idiotype 
would be expected to be an analog of the original antigen. The anti-idiotype could then 
be used to identify and isolate peptides from banks of chemically- or biologically- 
produced peptides. Selected peptides would then serve as the pharmacore. Anti- 

25 idiotypes may be generated using the methods described herein for producing antibodies, 
using an antibody as the antigen. 

On the other hand, one may simply acquire, from various commercial sources, 
small molecule libraries that are believed to meet the basic criteria for useful drugs in an 
effort to "brute force" the identification of useful compounds. Screening of such 

30 libraries, including combinatorially generated libraries (e.g., peptide libraries), is a rapid 
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and efficient way to screen large number of related (and unrelated) compounds for 
activity. Combinatorial approaches also lend themselves to rapid evolution of potential 
drugs by the creation of second, third and fourth generation compounds modeled of 
active, but otherwise undesirable compounds. 
5 Candidate compounds may include fragments or parts of naturally-occurring 

compounds, or may be found as active combinations of known compounds, which are 
otherwise inactive. It is proposed that compounds isolated from natural sources, such as 
animals, bacteria, fungi, plant sources, including leaves and bark, and marine samples 
may be assayed as candidates for the presence of potentially useful pharmaceutical 

10 agents. It will be understood that the pharmaceutical agents to be screened could also be 
derived or synthesized from chemical compositions or man-made compounds. Thus, it is 
understood that the candidate substance identified by the present invention may be 
peptide, polypeptide, polynucleotide, small molecule inhibitors or any other compounds 
that may be designed through rational drug design starting from known inhibitors or 

15 stimulators. 

Other suitable modulators include RNA interference molecules, antisense 
molecules, ribozymes, and antibodies (including single chain antibodies), each of which 
would be specific for the target molecule. Such compounds are described in greater 
detail elsewhere in this document. For example, an antisense molecule that bound to a 
20 translational or transcriptional start site, or splice junctions, would be an ideal candidate 
inhibitor. 

In addition to the modulating compounds initially identified, the inventors also 
contemplate that other sterically similar compounds may be formulated to mimic the key 
portions of the structure of the modulators. Such compounds, which may include 
25 peptidomimetics of peptide modulators, may be used in the same manner as the initial 
modulators. 

G. Examples 

The following examples are included to demonstrate preferred embodiments of 
30 the invention. It should be appreciated by those of skill in the art that the techniques 
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disclosed in the examples which follow represent techniques discovered by the inventor 
to function well in the practice of the invention, and thus can be considered to constitute 
preferred modes for its practice. However, those of skill in the art should, in light of the 
present disclosure, appreciate that many changes can be made in the specific 
5 embodiments which are disclosed and still obtain a like or similar result without 
departing from the spirit and scope of the invention. 

EXAMPLE 1 
Capability and Feasibility Studies 

10 In order to demonstrate the capability of the present invention, a DNA microarray 

was generated from PCR products using thirteen genes that code for the mitochondrial 
proteins (FIG. 1). These genes were attached to nylon membranes by cross linking with 
UV radiation. 

Positions #1 to #13 on array 1 (young) and array 2 (aged) contain the 13 
15 mitochondrial gene targets. A hybridization study was carried out using samples from 
young vs aged mouse livers. The samples were labeled by reverse transcriptase 
incorporation of radiolabeled nucleotides and the results were observed by 
autoradiography. Intense and specific hybridization signals were detected at all positions 
indicating levels of transcript abundance. 
20 The data showed a successful hybridization of a limited set of mitochondrial 

genes on the test array. 

EXAMPLE 2 

Location of Mus Musculus and Homo sapiens Mitochondrial Peptides and Proteins 

25 FIGs. 2 and 3, are maps of the human and mouse {Mus musculus) mitochondrial 

genomes which show the location of the 13 peptides of the OXPHOS complexes, 22 
tRNAs, and 2 rRNAs that are encoded by the mitochondrial genome, and that were used, 
in part, to prepare an array of the present invention. 

Table 2 shows the location of the Mus Musculus and Homo sapien mitochondrial 

30 proteins (13 polypeptides). It gives their location (nucleotides), strand, length of 
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polypeptide (number of amino acids) name of the gene, and the protein products which 
was used in part as targets for an array of the present invention. Table 3 shows the 
location of the Mus musculus and Homo sapiens mitochondrial 12S and 16S ribosomal 
RNAs and 22 tRNA. 

5 

EXAMPLE 3 

Effects of Rotenone on Expression of Mouse Mitochondria Genes 

The effects of rotenone, an inhibitor of mitochondrial Complex I, on the 
expression of mouse mitochondrial genes in AML-12 mouse liver cells in culture were 

10 examined (FIG. 4; Table 4). The microarrays show the mRNAs whose pool levels are 
up-regulated. Spots Al-Gll represent mitochondrial related nuclear encoded genes; 
spots G12-H12 represent the 13 genes encoded by mitochondrial DNA. It should be 
noted that in subsequent microarray designs (constructions) the mitochondrial DNA 
encoded genes G12-H12 were removed from the filters and arrayed separately. Thus, the 

15 G12-H12 spots were replaced with nuclear encoded genes. The following data suggest 
that the a number of genes are up-regulated in response to rotenone treatment: Al 1, ATP 
synthase lipid binding proteins; B8, ADP, ATP carrier protein; B9, cytochrome C oxidase 
chain Vila; D12, chaperonin 10; E12, pyruvate carboxylase; H7, Complex I: Protein 
Dehydrogenase chain 3. E4 and E5 represent the 23S and 16S mitochondrial ribosomal 

20 RNAs. The data also suggest that inhibition of Complex I may stimulate the production 
of mRNAs of Complex I proteins (H7, H10), suggesting a compensatory response to the 
inhibitor. 
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EXAMPLE 4 

Effects of 3-Nitropropionic Acid and Trypanosome Infection on Expression of 

Mitochondrial Genes 

Analysis of mitochondrial DNA encoded gene expression in response to 3- 
5 nitropropionic acid (3NPA), an inhibitor of Complex II - succinic dehydrogenase was 
performed (FIG. 5 A, Table 5). The 3 NPA treatments were at 6, 12 and 26 hours. The 
data showed that inhibition of Complex II stimulates the synthesis of mitochondrial 
encoded mRNAs and the 23 S and 16S ribosomal RNAs. 

In an example of overall gene down-regulation an analysis of mitochondrial DNA 
10 encoded gene expression in trypanosome infected heart tissue was also performed (FIG. 
5B, Table 5). These data showed a decline in mRNA and ribosomal RNA levels at 37 
days post infection. 
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EXAMPLE 5 

Mitochondrial Gene Expression In Livers of Young and Aged Snell Dwarf Mouse 

Mutants 

Analysis of mitochondrial gene expression in livers of young Snell dwarf mouse 
5 mutants and aged Snell dwarf mouse mutants was performed (FIG. 6A, FIG. 6B, Table 
6). The Snell dwarf mouse served as a genetic model of longevity because of its 
increased life-span (40%). These analyses of mitochondrial gene expression were 
designed to determine whether there are specific changes or differences in mitochondrial 
gene expression associated with longevity. Differences in mitochondrial gene activity in 

10 livers of 4 young control, and 4 young (long-lived) Snell dwarf mouse mutants were 
observed. The mitochondrial genes that change in the young dwarfs are: A2 - acyl CoA 
dehydrogenase; A5 - 5-aminolevulinate synthase; D8 - 3-beta hydroxy-5-ene-steroid 
dehydrogenase (Hsd3bl); Dl 1, heat shock protein 70; E4 - carbonyl reductase (NADPH); 
F6 - sterol carrier protein X; G8 - 3-beta hydroxy-5-ene-steroid dehydrogenase (Hsd3b5). 

15 G7 - GAPDH served as a positive control. 

The differences in mitochondrial gene activity in livers of 3 aged controls and 3 
aged long-lived Snell dwarf mouse mutants were also analyzed. The mitochondrial genes 
that change in the aged dwarfs are: A2, acyl-CoA dehydrogenase; A5 - 5-aminolevulinate 
synthase; E4 - carbonyl reductase (NADPH); F6 - sterol carrier protein X; and G8 - 

20 Hsd3b5. 

Overall, the data suggest that there are major differences in steroid metabolism 
between aged control and aged long-lived dwarf mutants. FIG. 6C shows RT-PCR 
analysis of Hsd3b5 (G8) expression levels in the control versus dwarf Snell mice. mRNA 
levels confirmed that the levels of this gene are significantly decreased in the liver 
25 mitochondria of the aged dwarf. 
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EXAMPLE 6 

Mitochondrial Gene Expression In Heart Muscle Of Trypanosome Infected Mice 

Trypanosome infections are chronic, and long after the initial infection the 
parasite accumulates in the heart and other organs. In the heart the parasite causes severe 
5 cardiovascular disease that results in heart failure. Thus, mitochondrial gene expression 
in heart muscle of trypanosome infected mice was analyzed (FIGS. 7A-7D, Table 7). 
The microarray for this analysis is composed of 96 genes of nuclear origin. The 13 genes 
encoded by the mitochondrial DNA were removed from the microarray and treated 
separately (see FIG. 5B, Table 5). The microarray analysis shows mRNA levels in a 4- 
10 month old mouse heart mitochondria 3 days postinfection and 37 days postinfection. 
When normalized to GAPDH (G7) and p-actin (H8) the data show an overall decrease in 
mitochondrial gene expression after 37 days postinfection. This decrease in 
mitochondrial function is a basic factor in trypanosome mediated cardiovascular 
pathology and ultimately leads to heart failure. 

15 
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EXAMPLE 7 

Effects Of TBS Thermal Injury On Mouse Liver Mitochondrial Function 

The effects of 40% TBS thermal injury on mouse liver mitochondrial function 
were examined (FIGS. 8A-8D, Table 7 ). In addition to a control (A), three livers from 
5 thermally injured mice 24 hours after burn were analyzed (B-D). The boxes indicate 
changes in levels of gene expression due to thermal injury. Some of the changes 
observed are as follows: A6 - aldehyde dehydrogenase (NAD + )2; A8 - ADP/ATP carrier 
protein, fibroblast isoform 2; ; A9 - MER 5 protein; A10 - H+ transporting ATP synthase 
chain a; B8 - cytochrome c oxidase chain IV;; D6 - hydroxymethyl butyrly-CoA 
10 synthase; F7 - super oxide dismustase (Mn); H6, cytochrome oxidase subunit Vb; H8, P- 
actin. 

A microarray analysis of the expression of the 13 mitochondrial DNA encoded 
genes in livers of thermally injured mice was performed. FIG. 9 provides the results of 
the analysis of 3 individual mice 24 hours after thermal injury. The data clearly showed 
15 that expression of mitochondrial DNA encoded mRNAs is not affected by thermal injury. 
I, control; II-IV, 24 hours after thermal injury. 

EXAMPLE 8 
Human Mitochondrial Microarray 

20 In order to further demonstrate the capability of the present invention, a human 

DNA microarray was generated from PCR products using human cDNAs that code for 
mitochondrial proteins. These cDNAs were cloned into the pCR2.1 vector (Invitrogen). 
The genes were then attached to nylon membranes by cross linking with UV radiation 
and a hybridization study was conducted. The samples were labeled by reverse 

25 transcriptase incorporation of radiolabeled nucleotides and the results were observed by 
autoradiography. Intense and specific hybridization signals for specific target genes were 
detected at a number of positions indicating levels of transcript abundance. The data 
demonstrate successful and selective hybridization of human mitochondrial-related genes 
on the array. Table 8 represents an array of nuclear encoded genes for mitochondrial 

30 proteins and Table 9 represents an array of mitochondria encoded genes. 
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***************************** 

All of the compositions and/or methods and/or apparatus disclosed and claimed 
herein can be made and executed without undue experimentation in light of the present 
disclosure. While the compositions and methods of this invention have been described in 
terms of preferred embodiments, it will be apparent to those of skill in the art that 
variations may be applied to the compositions and/or methods and/or apparatus and in the 
steps or in the sequence of steps of the method described herein without departing from 
the concept, spirit and scope of the invention. More specifically, it will be apparent that 
certain agents which are both chemically and physiologically related may be substituted 
for the agents described herein while the same or similar results would be achieved. All 
such similar substitutes and modifications apparent to those skilled in the art are deemed 
to be within the spirit, scope and concept of the invention as defined by the appended 
claims. 
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